ABSTRACT. To investigate the susceptibility of early bovine embryos to noncytopathogenic bovine viral diarrhea virus (NCP BVDV), 2-and 4-cell embryos produced in vitro from which zona pellucida had been removed by pronase treatment, and hatched blastocysts were exposed to 10 6 TCID 50 /ml of NCP BVDV No. 12 strain. The virus was detected in all embryo samples immediately prior to cultivation but not in the medium. After 24-hr culture, the virus was isolated from four media and two embryo samples in four experiments in the blastocyst group, and the viral antigen was demonstrated in the cytoplasm of the embryo cells by the immunofluorescent technique. By contrast, no virus was recovered from, or viral antigen detected in samples from the 2-and 4-cell embryo group in any of the experiments, even though they were exposed to the virus after removal of the zona pellucida. These findings suggest that 2-and 4-cell embryos are unlikely to be susceptible to NCP BVDV, but that blastocysts are capable of being infected with the virus.-KEY WORDS: bovine embryo, hatched blastocyst, noncytopathogenic bovine viral diarrhea virus.
culture. The blastocysts that hatched naturally from the ZP were collected, and used.
These naked embryos were exposed to NCP BVDV No. 12 strain, 10 6 TCID50/ml. After 1 hr of culture at 37°C under 5% CO2, the embryos were washed by transferring them through six changes of wash medium. The washed naked embryos were cultured for 24 hr in a 0.1-ml drop covered with mineral oil (E. R. Squibb & Sons, Inc., U.S.A.) in a small Petri dish (35 × 10 mm: Nunc, Denmark). Eighty 2-and 4-cell embryos were transferred to the development medium. Forty embryos were immediately collected as 0-hr 2-and 4-cell embryos, and development medium also was collected as 0-hr 2-and 4-cell medium. Using the same method, eight hatched blastocysts were transferred to the development medium and four blastocysts were immediately collected as 0-hr hatched blastocysts, and the development medium was collected as 0-hr hatched blastocyst medium. Fresh development medium was added to culture the remaining 2-and 4-cell embryos and hatched blastocysts. After 24 hr of culture, the media were collected, and the embryos were washed by transferring them through three changes of wash medium, then suspended in 1 ml of minimum essential medium supplemented with 0.2% bovine serum albumin and antibiotics, and sonicated for 30 sec. Each control group unexposed to virus also was prepared for observation of 2-and 4-cell embryos and hatched blastocyst development, and virus isolation from these embryos. The titers of NCP BVDV in the medium and embryo samples were determined by a micro-interference test using bovine fetal muscular (BFM) cells and the cytopathogenic Nose strain [6] . The virus titers were calculated and expressed as TCID50/0.1 ml and TCID50/all embryos for medium and embryo samples, respectively. The BFM cells and FBS used were confirmed to be free of BVDV. The experiments were repeated four times.
Five each of 2-cell embryos, 4-cell embryos, and hatched blastocysts exposed to NCP BVDV were used to detect It is well known that cows persistently infected with noncytopathogenic bovine viral diarrhea virus (NCP BVDV) frequently give birth to persistently infected calves [5] , and it is inferred that vertical transmission readily occurs early in gestation in persistently infected cows. The time at which the vertical transmission occurs in persistently infected cows, however, has not been identified. We previously demonstrated that NCP BVDV has no effect on either in vitro oocyte maturation or in vitro development of zonaintact embryos [7] , indicating that zona-intact embryos might be difficult to infect with NCP BVDV. The objectives of this study were to determine whether NCP BVDV can infect hatched blastocysts immediately after removing the zona pellucida (ZP) and to compare the susceptibility of embryo cells at two different stages of development: 2-and 4-cell embryos in the first stage of development, and hatched blastocysts in the preimplantation stage.
Three hundred oocytes surrounded by follicular epithelial (FE) cells were collected from small antral follicles (diameter <5 mm) on the ovaries of normal cows with a syringe containing Dulbecco's modified phosphate-balanced solution. In accordance with the procedure reported previously by Tsuboi and Imada [7] , the oocytes together with the FE cells were matured for 24 hr and co-incubated with spermatozoa. After co-incubation, the oocytes with the FE cells were transferred to the development medium. The maturation and development medium was medium 199 supplemented with 5% fetal bovine serum (FBS) without antibody against BVDV. The developmental stage of about 160 embryos was investigated at 30-32 hr after insemination, and about eighty to ninety 2-and 4-cell embryos were collected from the development medium. The ZP of the embryos was weakened by 0.1% Pronase (Kaken Pharmacy Co., Ltd., Japan), injured with a needle, and mechanically removed by pipetting. About 10 hatched blastocysts were prepared from the approximately 140 remaining embryos by continuing the embryo development BVDV antigen after 24 hr. BVDV antigen detection was performed by the indirect immunofluorescence technique after the samples had been fixed with acetone [7] .
As shown in Table 1 , in the 2-and 4-cell embryos group, no virus was isolated from either the 0-hr or the 24-hr media. Viruses were isolated from 2-and 4-cell embryos collected at 0 hr, but none were isolated from 2-and 4-cell embryos at 24 hr after exposure. Medium collected from the group of hatched blastocysts at 0 hr was negative for virus, but medium collected at 24 hr was positive in all experiments. The titers were 10 1.5 -10 2.5 TCID50/0.1 ml. The blastocysts were positive for the virus in both samples in all the four experiments, with titers of 10 1.0 TCID50/4 embryos and 10 1.25 TCID50/4 embryos.
Observation of embryo development for 24 hr showed that the 2-and 4-cell embryos developed into 8-and 16-cell embryos, respectively. On the other hand, some of the hatched blastocysts were observed to be slightly larger, but hatched blastocysts whose size had not changed at all were also observed. Embryo development was hardly any different from that of embryos unexposed to BVDV. Two-and 4-cell embryos were fragile when preparing immunofluorescent specimens, although it is unknown whether these embryos were affected by BVDV. As a result, no samples demonstrated specific fluorescein staining at all (Fig. 1.-a) . However, specific fluorescein was detected in the five hatched blastocysts investigated. The BVDV antigens were observed in the cytoplasm of some of the embryo cells (Fig. 1.-b) . No fluorescence was found in the cytoplasm in the control groups at all.
Because there have been reports describing the birth of non-viremic calves after embryo transfer from donors persistently infected with BVDV [1, 4, 11] , it was inferred that some zona intact-embryos of persistently infected cows are uninfected. Tsuboi and Imada [7] have reported that zona intact embryos may be difficult to infect with BVDV, even when the embryos have definitely been exposed to the virus. Therefore, in this study, susceptibility to BVDV was investigated in the blastocysts collected immediately after hatching from ZP and in zona-free 2-and 4-cell embryos prepared in vitro. BVDV was isolated from both 2-and 4-cell embryos and hatched blastocysts collected at 0 hr, indicating that BVDV had attached or adsorbed to these naked embryos. After 24 hr of incubation, the virus was recovered from all media and two embryo samples in the four experiments with the hatched blastocysts, whereas neither virus nor viral antigen was detected in any samples of the naked 2-and 4-cell embryos. These findings suggest that the 2-and 4-cell embryos are not susceptible to NCP BVDV and that they acquire susceptibility to the virus when they develop into the hatched blastocysts. Vanroose et al. [10] recently reported that mature oocytes and fertilized ova could not be infected with NCP BVDV. It might therefore be possible to conclude that the stage from the mature oocyte to the 2-cell embryo or 4-cell embryo stage is not susceptible to NCP BVDV. The virus titer of hatched blastocysts was low, the same as in the results reported by Vanroose et al. [10] , but in our study the virus could be isolated from two samples at 24 hr, findings that differed from theirs, and we clearly demonstrated the presence of NCP BVDV specific antigen in hatched blastocysts ( Fig.  1.-b) . Vanroose et al., however, failed to detect NCP BVDV antigen in hatched blastocysts. These differences may have been caused by the difference in BVDV strains.
Virus of high titer was isolated from the reproductive organs [2, 8] and follicular fluid [9] of heifers and cows persistently infected with NCP BVDV and viral antigen has been detected in follicular epithelial cells [9] and oviduct epithelial cells [2] . These findings indicate that in vivo embryos are continuously exposed to NCP BVDV in the oviduct or follicle. Therefore, it is inferred that vertical transmission in persistently infected cows occurs before placentation, and that it does indeed occur after hatching from the ZP. In addition, Brock and Stringfellow [3] reported that NCP BVDV can infect the blastocyst at 14 days post-hatching and that their diameter expanded by day 14 following hatching. Based on these results, hatched blastocysts infected with NCP BVDV may continue to develop after hatching.
In this experiment, we could not identify whether the cells that were positive for viral antigen were the precursors of the trophoblasts or the inner cell mass. Further studies to distinguish the embryonic cell populations after hatching and to examine each component for susceptibility to NCP BVDV are needed to clarify the infection mechanism before placentation.
